New Haven) ( Received for publication, November 30, 1946) In poliomyelitis research irnrntmity to reinfection has generally been measured b y testing the resistance of monkeys to a chaUenge dose of homologous or heterologous virus inoculated into the brain, or occasionally instilled into the nose whence virus gains access to the brain v/a the olfactory bulbs and tracts. That these portais of entry are not those used by the virus in the natural disease is obvious in the case of the former route and is unlikely in the latter instance (1) . Yet no other portals could be satisfactorily used to introduce the challenge inoculum because rl~sus monkeys, which have been the chief experimental animals, succumb only irregularly when given virus in]the skin or peritoneal cavity and not at all when virus is ingested by mouth, l To Study immunity to poliomyelitis virus introduced by more natural routes we have turned to the chimpanzee as an experimental animal, for Howe and Bodian (3) have demonstrated that these animals can be readily infected by feeding virus. In the majority of instances, no clinical signs of infection appear, although the ~nimals become transient intestinal carriers of the virus. Not only has this finding been confirmed (4), but it has been shown also that carrier states may be set up in chimpanzees when virus has been inoculated in the skin (5, 6) .
The present report is concerned with the development of immunity to reinfection with poliomyelitis virus in chimpanzees. The measure of infection in these experiments hinges on the question as to whether the animal does or does not become an intestinal carrier of poliomyelitis virus following its ingestion or inoculation in the skin, and the measure of immunity is based on whether the carrier state can be again produced by a challenge dose of homologous virus. An attempt was also made in these experiments to correlate resistance to "intestinal infection" with the presence of humoral neutralizing antibodies.
The contaminated banana was the first food fed to the animal on the day of the experiment and was eaten quickly. When virus was inoculated intra-and subcutaneously, large chimpanzees were placed under ether anesthesia. Smaller animals were merely restrained. The inoculation was given in several piq•res, about half going into and half under the skin.
Testing Chimpanzees' Stools for Poliomyd~is Vims.--The chimpanzees were housed in individual cages beneath which there was a movable pan for the collection of feces. Each day this pan was removed, the feces collected on the days indicated, and the pan thoroughly cleaned before it was replaced. In addition, the cages were hosed daily. Collected stools were frozen on dry ice. At a later date, pools of feces covering excreta of several days were extracted with water, and the virus fraction obtained by differential ultracentrifugation (10) . The technique previously used in this laboratory was modified in that each stool was given two complete cycles in the ultracentrifuge. Thus the pellets obtained after the first high speed spinning (39,000 R.p.~¢. for 60 minutes) were taken up in 15 cc. of 10 per cent normal monkey sera (previously heated at 56 ° for 2 hours). This was spun at 18,000 R.p.x¢. for 20 minutes in the International PR-1 refrigerated centrifuge. The virus was further refined by resedimentation in the air-driven ultracentrifuge at 39,000 R.P.M. for 60 minutes. The final pellets were again taken up in 2 cc. of 10 per cent normal monkey sera, clarified by another low speed run at 18,000 R.I,.~., and then inoculated into monkeys, and when indicated, into mice and cotton rats. As a rule, one monkey was used for each fecal pool. When rodents were used also, each sample was tested in ten to twelve mice and three to four cotton rats.
Criteria ~for a positive result in which the stool extracts were tested in monkeys were the appearance of infectious myelitis and characteristic histological lesions in upper and lower levels of the spinal cord. The production of typical paralysis was used to establish a positive test in mice and cotton rats. In some but not all instances, passage to other monkeys, mice, or cotton rats was carried out. Criteria for a negative result in monkeys were that the animal survived without symptoms for 28 days following inoculation, and when sacrificed, histological lesions in the medulla and spinal cord were absent. If the monkey was lost from causes other than poliomyelitis before 28 days had elapsed, the test was considered incomplete. Mice which survived without symptoms for 28 to 35 days were regarded as negative, and those dying non-specific deaths were not considered in the final tabulations.
Te~hniq~ of the Ne~ralization TesL--Tests were carried out with both the Y-SK and the Lansing strains. As the former virus has a somewhat lower titer in mice, it was used as a 10 per cent suspension of spinal cords and medullas of infected mice, and varying dilutions of the sera to be tested were made. With the Lansing virus, the serum to be tested was not diluted, and varying dilutions of virus were made. Sera were distributed in 0.2 cc. amounts in small test tubes. Virus suspensions, spun at 2,000 R.P.~¢. for 5 minutes, were then added as indicated. Mter a thorough shaking the mixtures were incubated at 37°C. for 60 minutes for the Y-SK virus, and 90 minutes for the Lansing virus. They were then transferred to an ice water bath and inoculated as soon as possible into groups of six to eight Swiss mice, three to four weeks old. Mice were then examined daily for 56 days for the Y-SK virus, and for 30 days for the Lansing virus. Mice were kept for a longer time with the Y-SK virus because with this virus a larger percentage of animals become paralyzed after longer incubation periods than with Lansing virus (to be discussed more fully in a later publication). may become accidentally infected with poliomyelitis virus in the laboratory. The first two animals were bled for serum 5 weeks after the feeding of vires.
As shown in Table I , virus was recovered during the feeding period of July 6 to 8 from the feces of both Flora and Webb. During the post-feeding period of July 12 to 14, stool tests showed pathogenicity only for the cotton rat among the test animals. During the next 2 weeks (July 16 to 26), virus was still found in the stools of both animals, but a change in its hose selectivity appeared to have taken place in one animal (Webb): (1) Virus recovered from Flora's stools infected mice and cotton rats, but was not pathogenic for the monkeys tested. 4 (2) Virus isolated from Webb's stools in this period (July 16 to 26) no longer infected mice or cotton rats but produced typical poliomyelitis in monkeys.
The control chimpanzees, Jent and FaUa, did not excrete detectable virus during this same period of observation.
Neutralizing antibodies to the Y-SK murine strain were absent in the blood of both Flora and Webb before the ingestion of virus. 5 weeks after this time, the sera of both animals contained such antibodies. Flora's serum titered 1:10 and Webb's serum, 1:100.
During this period of 5 weeks, no signs of illness were apparent in any of the four chimpanzees, nor did such signs develop at any time during the entire period of the experiments reported in this paper.
F~per/mcnJ 2.---On October 12, 1945, 3 months after his first feeding of virus, chimpanzee Webb was given an intra-and subcutaneous inoculation of 2 cc. of the homologous virus (Y-SK cotton rat CNS). As a control, chimpanzee Jent was also inoculated in the skin at the same time with the same amount of virus. Previous experiments in this laboratory (5, 6) have indicated that intestinal carrier states can be established in the chimpanzee and the monkey, by intra-and subcutaneous inoculation of virus. Stools were collected before the inoculations and at intervals thereafter for 1 month. The animals were bled before inoculation and again 5 weeks after the administration of virus. At the time of Jent's postlnoculation bleeding (November 15) right and left inguinal lymph nodes were removed and 10 per cent aqueous extracts of these glands were tested for the presence of virus and also for neutralizing antibodies. Inguinal lymph nodes were removed from a normal, uninoculated chimpanzee and tested at the same time.
From the data of Table II , it can be seen that a carrier state was set up in chimpanzee Jent which lasted for 2 weeks. This was Jent's first exposure to virus. The virus isolated from his stools apparently underwent a quick adaptation for it was infectious only for monkeys. The preinoculation stool of Jent was negative when tested in two monkeys.
In contrast to Jent, chimpanzee Webb failed to excrete virus following its inoculation into the skin and we presume that this was due to his acquired {mmlmity. Neutralizing antibodies were present in Webb's serum before the challenge inoculation of virus (October 12), as well as 5 weeks later (November 16).
The preinoculation (October 12) serum of Jent did not contain neutralizing antibodies, whereas the postinoculation serum drawn 5 weeks later (November 15) gave a positive test for their presence. Not only were antibodies present in the serum 5 weeks after the virus inoculation, but extracts of lymph nodes Table VII. taken at this time from both left and right inguinal regions also contained neutralizing agents. Tests for the presence of virus in these lymph nodes were negative in monkeys, cotton rats, and mice. Neutralizing antibodies were absent in the extract prepared from the lymph nodes of a normal control cl~impanzee.
The results as regards the production of the carrier state only in the previously uninoculated chimpanzee are similar to those recently reported from this laboratory (5, 6) . In the early work, following the intracutaneous inocu-lation of the Y-SK strain of poliomyelitis virus (monkey CNS), a chimpanzee was found to be excreting virus in its feces for a period of 2 weeks. Relnoculation of this animal in the skin with the homologous strain of virus failed to reestablish the carrier state, whereas a previously uninoculated chimpanzee given virus sub-and intracutaneously at the same time became a carrier for an entire month. These results appear in Table III . Tests for antibodies in the sera of these early animals were not carried out. in the skin was now tested. Y-SK virus was given by mouth to the three animals (Flora, Webb, and Jent) as before, for 3 days starting on December 21, 1945. A control animal, an unused chimpanzee (Falla), was fed the same amount of virus at the same time. Tests for neutralizing antibodies were carried out on serum samples collected before and after this feeding. Stools were tested as before.
Again, no illness developed in the four chimpanzees. As demonstrated in Table IV and Fig. 1 , virus was recovered from all chimpanzees at the time of the brief feeding period (December 23 to 24). Following this period, virus was found only in the stools of Falla, the only previously uninoculated chimpanzee in this series, even though exhaustive tests were also carried out on the stools of each of the other three animals during this same period of December 28 to January 10. As in the previous cases, virus was not found in Falla's stools before the virus feeding. Also as had occurred with Webb 
FIG. 2. Excretion of virus in chimpanzee stools after feeding fly-contaminated food (A, B, C, D) from poliomyelitis epidemic areas (4).

FIe. 3. Results of tests for poliomyelitis virus in the stools of chimpanzees challenged orally with hetcrologous strains (¥-SK and NC). These animals had been carriers of NC-NY strain of virus 7 to 8 months previously.
and Jent upon their first exposure to virus, Falla's stools after the virus feeding appeared to be more infectious for monkeys than for cotton rats and gave completely negative tests in mice.
The neutralization tests (Tables IV and VI) showed that the sera of those animals which had been previous carriers of virus and which had developed humoral antibodies following their first exposure to virus retained their positive titers. On the other hand, Falla who had no antibodies at the time of this virus feeding in December, 1945, developed such antibodies by July, 1946, which was the first time she was bled after ingesting virus.
Experiments with Heterologous Strains .Experiment 4.--As reported in a previous publication (4), two chimpanzees become carriers of .poliomyelitis virus following the ingestion of fly-contaminated food collected in epidemic areas (see Fig. 2 ). Although these two animals (Hickory and Catawba) received materials from the same areas, they did not get exactly the same contaminated food. It is therefore not possible to state whether both animals were exposed to the same strain (or strains). Nevertheless we have designated the virus which was fed to both of these animals in 1944 as the NC-NY strain.
It is to be noted from Tables V to VII, that Hickory had no neutralizing antibodies in her sera to either the Y-SK or the Lansing strain on July 17,1944, before her feeding of naturally infected food, nor did she develop any as a result of the carrier state which followed the feeding of the NC-NY contaminated food. Neutralization tests with both of these routine-adapted strains on serum collected on January 2, 1945, remained negative. On the other hand, Catawba, who likewise had no neutralizing antibodies to the Y-SK and Lansing strains in her sera of July 17, 1944, developed antibodies to both of these routine-adapted strains by January 2, 1945, following her experience as a virus carrier of the NC-NY strain.
Between September, 1944, the time of the last positive stool, and April, 1945, eight consecutive pools of Hickory's feces and three pools of Catawba's feces were tested for poliomyelitis virus. All eleven of these tests were negative. Starting on April 11, 1945, both Hickory and Catawba were fed the Y-SK (cotton rat-adapted) virus for 3 days. Virus was recovered during the feeding period in both chimpanzees, but only from Hickory in the two pools subsequently tested (see Fig. 3 and Table V ). In these samples of April 21 to 23 and April 30 to May 2, the virus also had a greater predilection for monkeys than for cotton rats and mice. That it was actually the Y-SK virus which was isolated from this chimpanzee's stools, was established by the successful passage of the virus from the spinal cord of one of the test monkeys to cotton rats. Attempts to establish in rodents the strain of virus isolated from the North Carolina-New York food failed.
Neutralization tests were carried out with the Y-SK and Lansing viruses on sera collected on April 10 and May 24. Catawba's serum continued to show the presence of neutralizing antibodies to both strains. With Hickory, neutralizing antibodies to both the Y-SK and Lansing strains first appeared May 24, following a second episode as a virus carrier (see Table  VI ). During this second experience as a virus carrier, the Y-SK strain was being excreted. Tables VI and VII . On the whole, the agreement in the tests with the two strains is satisfactory. This is to be expected in view of the immunological relationship between these two strains as demonstrated in Table VIII . No relationship to Theiler's FA virus is indicated. In this table the data on the lymph nodes of one of the carrier chimpanzees are also shown.
ReestabHshra~nt (after Ingestion by Chi~npanzees) of YoSK Strain in Cotton
Rags and Mice.--It has been noted above that in four of the five chimpanzees in which the Y-SK strain was harbored in the intestinal tract, the virus appearing in the stools was more infectious for the monkey than for the cotton rat or mouse. That this virus could be reestablished in cotton rats and mice is seen in Fig. 4 in which the genealogy of the virus which was fed to Falla is shown. In two other instances cords of positive test monkeys were successfully passed to cotton rats or mice, but only one transfer was made in each of the latter instances.
Virus isolated from the stools of chimpanzee Falla on the 5th to 10th day after ingestion did not produce disease in twelve mice, but produced paralysis in one of four cotton rats with an incubation period of 31 days; this is about 2 to 4 weeks longer than the usual incubation period with the cotton rat-adapted virus. In the test monkey (rhesus 32-06), into which the same stool sample was inoculated, typical poliomyelitis developed 11 days after inoculation. Histological lesions were characteristic for the disease.
Passage of the spinal cord of this monkey (rhesus 32-06) produced paralysis in two of eleven cotton rats but in none of ten mice. Two more serial passages in cotton rats were required before the virus picked up in titer in that species, so that mice regularly succumbed with a titer between I0 -s.s and 10 -~.4. This routine passage virus remained pathogenic for the monkey, and was neutralized by serum from monkeys convalescent from infection with the parent Y-SK strain as well as by anti-Lansing mouse serum. The genealogy of the reestablishment of the strain in mice is similar to the lineage of this strain when it was first adapted to cotton rats and mice in this laboratory (2) .
DISCUSSION
We feel that these experiments, like those of Howe and Bodian, 6 indicate that the chimpanzee may respond to virus apparently in somewhat the same fashion as human beings4the evidence of infection being entirely at the subclinical level with the development of a virus carrier state with "implantation" somewhere in the alimentary tract and the production of specific neutralizing antibodies as a result of the infection. Studying the immunological response in chimpanzees in this fashion is laborious and cumbersome, but yields data so far unobtainable in any other way.
The question may be raised as to whether the type of carrier state described in this report is truly an infection. Howe and Bodian (3) have described poliomyelitis lesions in the central nervous systems of chimpanzees in which the virus carrier state had been produced following the ingestion of virus. Without entering into a discussion of where virus may multiply in an apparently healthy carrier, it would appear that infection did take place in our animals, for along with the prolonged output of virus in the excreta, a positive serological response to virus administered by mouth or by skin occurred in each s We wish to acknowledge the opportunity of having heard Dr. Howe and Dr. Bodian present their work on this problem at the Conference on Mechanisms of Immunity in Poliomyelitis mentioned on the first page of this paper.
animal examined. It was not possible to reinfect four chimpanzees with the homologous strain when the chaUenge dose of virus was given orally or intracutaneously. With ~terologous strains, the situation was more complicated. In a second series of two chimpanzees, one (Catawba) was immune to reinfection with heterologous strains (Y-SK and NC). Upon her first exposure to virus (NC-NY), this animal gave a broad antibody response, producing neutralizing antibodies to one of the heterologous strains tested (Y-SK). The second chimpanzee (Hickory) did not produce antibodies to the heterologous virus (¥-SK) following the first intestinal carrier state. This animal was subsequently twice reinfected after the ingestion of two different strains (Y-SK and NC) on separate occasions.
In these experiments, the conventional method of testing for immunity to poliomyelitis by intracerebral inoculation of virus has not been attempted. It is likely that such a vigorous challenge of placing virus in intimate contact with susceptible cells might have broken through the immunity which was detectable by the more delicate approach used in our experiments.
SUMMARY
This report is concerned with the production of subclinical poliomyelitis in the chimpanzee, and immunity to such infection. Subclinical infection was produced in eight chimpanzees by the administration of virus orally or intracutaneously, and was measured by the production of a virus carrier state and the development of neutralizing antibodies. Immunity was tested by attempting to induce the carrier state again by a challenge dose of virus by the same routes.
With an homologous strain as the challenge virus, immunity as defined here was produced in each of four chimpanzees tested. Neutralizing antibodies to the homologous strain were present about 1 month following the first exposure to virus by either the oral or cutaneous route.
In another group of two chimpanzees, one developed neutralizingantibodies and immunity to heterologous strains, and one did not.
